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RCEU 2019: Designing and Building a Mass Electromagnetic Accelerator

1. Research Mentor
Dr. Themis Chronis is a Clinical Assistant Professor in UAH Physics department and a senior research scientist at the
UAH Earth Center System Science (ESSC). Dr. Chronis is currently teaching PH112-H3 and PH115-H0-H2 that cover the
physics of electromagnetism and laboratory curriculum for the Honors students. Dr. Chronis has 15+ years of research
experience and published more than 30 journal papers in atmospheric electricity. He is currently advising 1 Masters student.
Kindly note that this RCEU submission is the continuation of the successfully completed RCEU 2018. Please find more
information in section 2.
Email:tc0025@uah.edu
Phone: 256-824-3531
Address: 901 Wright Dr, Huntsville, AL 35805, #239

2. Proposal description
The first mass electromagnetic accelerator (MEA) was first engineered in 1918 by Louis Octave Fauchon-Villeplee and
was primarily used to propel projectiles by the so-called Lorerntz force (i.e. magnetic force). MEA is essentially a large
electrical circuit composed of two parallel plates that are connected to a power source (i.e. a capacitor). The electric current
creates a magnetic field between the parallel plates and once a mass (a conductor) is placed between the two plates then
the circuit is closed and the projectile is launched by the force of the magnetic field. This concept is illustrated in figure
1.
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Figure 1 A simple conceptualization of a MEA. The produced force is a result of the presence of the magnetic field induced
by the current and the rails

Given the amount current required in combination with the short delivery time, a series of capacitors will be employed to
provide the necessary electrical power. The student will have access (available in the Physics labs) to a variety of
capacitors, ranging from milli-Farad to Farad at different voltages. State-of-the-art super-capacitors (up to 400 Farads) are
also available in our Physics labs and the student will also get the chance to employ/experiment with them during this task,
especially as a function of their discharge time. The material of the conducting rails as well as the projectile (see Fig. 1)
plays an important role in the generation of heat (i.e. electric resistance but also friction), therefore the student candidate,
besides a good grasp of electronic design should also be familiar with material properties. Experimentation with different
circuit configuration and materials (e.g. rail, projectiles) will be assessed by the acceleration and final velocity of the
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projectile. These properties will be precisely measured using our laboratory equipment and motion sensors. Infrared sensors
also available in the Physics laboratories will further approximate heat losses of various configurations.
The proposed RCEU project is a unique synergy between theoretical, hands-on practice and experimentation. The
advantage of this proposal is twofold. On the one hand, the student, under the proposer's guidance, will gain significant
experience in theoretical conceptualization, laboratory experimentation and design, aptitudes necessary for the student’s
future career. On the other hand, the completion of this project will directly enhance UAH's curriculum outreach in
introductory physics experimentation and research as it will be employed as a demonstration to effectively combine
teaching material in electricity, magnetism and Newtonian mechanics. To this end, this project will also be used as grounds
for further research initiatives by future students.
This project was funded by the RCEU 2018 and successfully delivered the theoretical design (presented by David
Appleberry in the 2018 RCEU UAH event). Please see the schematic of the designed MEA below but also the RCEU 2018
poster presentation here.
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Due to 1) the complexity of the design and 2) the unavailability of UAH machine shop and 3) lack of the material and
electronic equipment the student did not have enough time to complete its final stage implementation. We are currently in
the process of acquiring the necessary material and accessing the UAH machine shop. I express every confidence that
David Appleberry will be also successful in this proposal call and deliver the final contraption of the proposed
electromagnetic mass accelerator by the end of this RCEU 2019.

3. Student Pre-requisites
The student will be required to have 1) Analytical skills with physics background, extensive knowledge of circuit design,
electricity, magnetism and material properties 2) Familiarity with spreadsheet and word-processing software for the final
report. Some computer programing may be required during the conceptualization and theoretical modeling of the MEA.
Note: All safety precautions will strictly follow laboratory protocols.

4. Student Duties and Deliverables
The project will require an extensive laboratory effort but also the drafting of results in a formal and high quality
presentation. During these experiments the student will be require to use his/her analytical and observational skills. The
experimental results must be routinely logged (e.g., on a spreadsheet or a log-book) and quality controlled. Repetition of
experiments is required to assure consistency but also determine the inaccuracies of observations. The student will present
and discuss the results on a weekly (or as frequently as needed) basis with the mentor. A final report will be submitted
during the ~10th week and evaluated by the mentor. Illustrations will be made on a spread-sheet or any other software that
the student is familiar with. The student can also have the opportunity to present the findings in routinely scheduled UAHstudent oriented seminars. This will provide the student with additional experience in formal presentations. The laboratory
time for each of the experiments highlighted above may vary based on the difficulty of each task. It is estimated that on
average each task will require ~1.5 weeks while the remaining time will be used for drafting the final report and
presentation of the results.
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5. Mentor Supervision
The student will meet with the mentor (Dr. Chronis) on a weekly basis or as often as is deemed necessary. The mentor will
help with the initial laboratory setup but it is the student who will be required to "devise" scientific techniques to carry out
the experimental tasks. Dr. Chronis will provide all the laboratory space (UAH-SST 002 or 001), apparatus, although the
student's improvisation in effectively designing the experiment will be necessary. Dr. Chronis is a strong supporter of
"hands-on" teaching and these experiments are designed in such a way so that student develops his/her critical thinking,
design and reporting abilities.
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